As an important neurotransmitter in the mammalian central nervous system, DA has received much interest. 1,2 However, the electrochemical detection of DA at the conventional electrodes has suffered from a high concentration of AA present in mammalian nerve and brain tissues because of close oxidation potentials and the reaction between AA and the oxidized form of DA.
Introduction
As an important neurotransmitter in the mammalian central nervous system, DA has received much interest. 1, 2 However, the electrochemical detection of DA at the conventional electrodes has suffered from a high concentration of AA present in mammalian nerve and brain tissues because of close oxidation potentials and the reaction between AA and the oxidized form of DA. 3 In order to improve the selectivity and sensitivity, various modified electrodes, [4] [5] [6] [7] [8] [9] [10] [11] especially based on self-assembly technology, 12 have been developed for determining DA. [13] [14] [15] [16] [17] [18] Since DA and AA carry different charges in neutral solutions, negatively charged self-assembled monolayers of ω-mercapto carboxylic acids on gold electrodes were reported as a means to induce an electrochemical difference between DA and AA based on electrostatic interactions. 19 On the other hand, gold electrodes modified by positively charged self-assembled monolayers of 2,2′-dithiobisethaneamine and 6,6′-dithiobishexaneamine 20 and dinickel(II)(2,2′-bis(1,3,5,8,12-pentaazacyclotetradec-3-yl)-diethyl disulfide)perchlorate 21 were utilized for the electroanalysis of DA and AA.
Complexes of transition metals such as ruthenium, [22] [23] [24] [25] osmium, [25] [26] [27] [28] 
Experimental

Chemicals and materials
[Os(bpy)2(bpy-(CH2)13SH)](PF6)2 (bpy = 2,2′-bipyridine) was synthesized and characterized as reported. 28 Fresh phosphate buffer solutions (PBS) of DA (Sigma) and AA (Aldrich) were prepared before each measurement. PBS was prepared by mixing stock solutions of 0.2 M Na2HPO4 and 0.2 M NaH2PO4 and diluting with water. Triply distilled water was used in all runs. 
Preparation of an [Os
Apparatus and procedures
Electrochemical experiments were carried out using a BAS 100B/W electrochemical analyzer. A bare gold electrode or a gold electrode modified with an [Os(bpy)2(bpy-(CH2)13SH)] 2+ monolayer or an [Os(bpy)2(bpy-(CH2)13SH)] 2+ + CH3(CH2)11SH mixed monolayer was used as the working electrode. A platinum wire and a KCl saturated Ag|AgCl were employed as the counter electrode and a reference electrode, respectively. Prior to each experiment, high-purity argon was bubbled through the electrolytic solution for 5 min. All experiments were performed at a room temperature of 22 ± 1˚C.
Results and Discussion
Electrochemical responses of an [Os(bpy)2(bpy-(CH2)13SH)] 2+ /Au electrode in different electrolytes
A self-assembled monolayer of [Os(bpy)2(bpy-(CH2)13SH)] 2+ formed on the gold electrode surface usually exhibits a couple of well-defined redox peaks and a catalytic effect to the oxidation of AA, 32 since there is an electroactive center in the complex. However, the electrochemical response of this kind of monolayer is strongly influenced by the supporting electrolyte. 28 Figure 1 demonstrates the cyclic voltammograms of an [Os-(bpy)2(bpy-(CH2)13SH)] 2+ /Au electrode in 0.1 M NaClO4 and 0.1 M PBS (pH 7.4), respectively. Compared with the result in an NaClO4 solution, the redox peaks of the monolayer in PBS (pH 7.4) shift to more positive potentials (outside + 900 mV), which leads to the disappearance of the catalytic effect of the monolayer to AA. Therefore, the range from 0 to + 800 mV provides an ideal potential window for observing the electrooxidation behavior of AA or DA in PBS (pH 7.4) at an [Os(bpy)2(bpy-(CH2)13SH)] 2+ /Au electrode without any interference of the electrochemical response of the monolayer or its catalytic effect.
Electrooxidation of DA and AA at bare Au and [Os(bpy)2(bpy-(CH2)13SH)]
2+ /Au electrodes As shown in Fig. 2(b) , at an [Os(bpy)2(bpy-(CH2)13SH)] 2+ /Au electrode, an irreversible cathodic peak corresponding to the oxidation of DA appeared in the cyclic voltammogram of 1 mM DA in 0.1 M PBS (pH 7.4). The peak current was found to be linear with the square root of the scan rate over the range of 10 -100 mV/s, indicating that the electron transfer reaction is controlled by the diffusion of DA. Compared with a bare Au electrode ( Fig. 2(a) ), the oxidation peak potential shifts positively by 385 ± 2 mV and the peak current decreases by 37 ± 4 µA. This peak shift is opposite to that at ω-mercapto carboxylic acid negatively charged monolayers, 19 but is in accordance with that at the dinickel(II) complex and CYST cationic monolayers, 21 owing to the electrostatic repulsion between the charged monolayers and DA. In PBS (pH 7.4), DA (pKa = 8.9) is positively charged and electrostatically repulsed by the cationic monolayer, resulting in a decrease of the electron-transfer rate. Compared with the nickel(II) complex monolayer modified electrode, 21 the peak potential shift in this work was much larger, though the osmium(II) complex monolayer used here had the same di-positive charges as the nickel(II) complex monolayer. The difference can be attributed to the distinct structures of osmium(II) and nickel(II) complexes. electrode. An oxidation peak, also linear with the square root of the scan rate in the range of 10 -100 mV/s, can be observed in Fig. 3(b) . However, opposite to DA, AA is negatively charged in PBS (pH 7.4), since the solution pH value is higher than the pKa value (4.10) of AA. Therefore, the AA anion should be electrostatically attracted by the cationic monolayer. This expectation was confirmed by comparing the experimental results on [Os(bpy)2(bpy-(CH2)13SH)] 2+ /Au and bare Au electrodes. As compared with a bare Au electrode, the oxidation peak potential of AA at the modified electrode showed a alightly negative shift (∆E = -12 ± 8 mV) accompanied by a small decrease in the peak current (∆I = -14 ± 5 µA). The decrease in the peak current implies the blocking effect of the monolayer with a long chain, slowing the electron transfer rate.
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Influence of neutral alkylthiol
It is found that the structure of the monolayer is also important concerning the electrochemical response of DA and AA. 19 Insertion of alkylthiols around the adsorbed molecules is a usual and flexible way to control the structure of a monolayer. For instance, in a mixed monolayer composed of [Os(bpy)2(bpy-(CH2)13SH)] 2+ and a neutral n-alkylthiol with a long-chain CH3(CH2)11SH, the coverage of the cationic monolayer is decreased while the packing of the mixed monolayer is more highly organized. 28 Figure 4 (Fig. 4(a) ), a further positive potential shift (∆E = 20 ± 8 mV) and a peak current decrease (∆I = -49 ± 5 µA) can be observed. A reasonable explanation is that the enhanced packing of the mixed monolayer blocks the access of DA to the electrode besides the electrostatic repulsion between the cationic monolayer and DA, leading to a further decrease of the electron transfer rate. /Au electrode ( Fig. 5(a) ). This result suggests that the blocking effect of the more highly organized mixed monolayer is more dominant than the electrostatic attraction effect of the cationic monolayer.
Selective detection of DA with cationic monolayer-modified electrodes
At a bare Au electrode, only one large anodic peak can be observed in the differential pulse voltammogram of 1 mM DA and 5 mM AA mixed solutions (Fig. 6(a) ) because of an insufficient peak potential difference and a catalytic reduction of the oxidized form of DA by AA. The reactions can be described as follows: 3 DA = DOQ + 2e -+ 2H + ,
AA → DHA + 2e -+ 2H + ,
where DOA represents dopamine quinone, DHA dehydroascorbate. 2+ + CH3(CH2)11SH/Au electrode. Hence, the peak potential difference between DA and AA is still small and only one peak can be observed in Fig. 6(c) . However, on the [Os-(bpy)2(bpy-(CH2)13SH)] 2+ /Au electrode, the oxidation peaks of DA and AA shift to different directions as compared with a bare Au electrode. Thus, the oxidation-potential difference is increased. Moreover, the oxidation of DA is shifted to a potential much more positive than that of AA and reaction (3) is avoided. Accordingly, Fig. 6(b) clearly exhibits separate oxidation peaks for DA and AA. The peak current for DA is higher than 5-fold AA. A linear relationship exists between the peak current of DA and its concentration from 5 × 10 -5 to 2 × 10 -3 M (Fig. 7) , while the presence of 5 mM AA has no effect on the determination of DA. 
Conclusion
At [Os(bpy)2(bpy-(CH2)13SH)] 2+ cationic monolayer modified gold electrodes, electrostatic interactions played an essential role in the electrochemical response of DA and AA. Compared with a bare Au electrode, the oxidation peaks of DA and AA at the [Os(bpy)2(bpy-(CH2)13SH)] 2+ /Au electrode shifted to different directions due to an electrostatic repulsion between the cationic monolayer and positively charged DA or electrostatic attraction between the cationic monolayer and negatively charged AA. Accordingly, a selective detection of DA in the presence of a high concentration of AA was provided with this cationic monolayer-modified electrode. However, on a gold electrode modified with a mixed monolayer of [Os(bpy)2(bpy-(CH2)13SH)] 2+ and CH3(CH2)11SH, the neutral alkylthiol CH3(CH2)11SH increased the blocking effect on the electrochemical behavior of DA and AA and brought a disadvantage for electrochemically distinguishing DA and AA.
